It is of considerable interest to determine how diverse subtypes of g-aminobutyric acidergic (GABAergic) interneurons integrate into the functional network of the cerebral cortex. Using inducible in vivo genetic fate mapping approaches, we found that interneuron precursors arising from the medial ganglionic eminence (MGE) and caudal ganglionic eminence (CGE) at E12.5, respectively, populate deep and superficial cortical layers in a complementary manner in the mature cortex. These age-matched populations initiate tangential migration into the cortex simultaneously, migrate above and below the cortical plate in a similar ratio, and complete their entrance into the cortical plate by P1. Surprisingly, while these 2 interneuron populations show a comparable layer distribution at P1, they subsequently segregate into distinct cortical layers. In addition, the initiation of the radial sorting within each lineage coincided well with the upregulation of the potassium/chloride cotransporter KCC2. Moreover, layer sorting of a later born (E16.5) CGE-derived population occurred with a similar time course to the earlier born E12.5 cohorts, further suggesting that this segregation step is controlled in a subtype specific manner. We conclude that radial sorting within the early postnatal cortex is a key mechanism by which the layer-specific integration of GABAergic interneurons into the emerging cortical network is achieved.
Introduction
In mammals, higher order information processing involved in cognition and long-term memory occurs within the 6-layered neocortex. This processing relies both on pyramidal cells that project their axons across cortical layers and areal subdivisions, and c-aminobutyric acidergic (GABAergic) interneurons that project locally (Kawaguchi and Kubota 1997; McBain and Fisahn 2001; Markram et al. 2004; Klausberger and Somogyi 2008) . As numerous diseases that compromise higher cortical function have been associated with the misplacement of both pyramidal and interneuron populations (Kitamura et al. 2002; Cobos et al. 2005; Gressens 2006) , it is of considerable interest to understand how these circuits are assembled.
At least in rodents, the majority of cortical interneurons are generated within the ventral telencephalon, in the medial and caudal ganglionic eminences (MGEs and CGEs) (Corbin et al. 2001; Nery et al. 2002; Flames et al. 2007; Ghanem et al. 2007 ). We recently found that the MGE and CGE, respectively, contribute approximately 70% and 30% of the total cortical interneuron population (Miyoshi et al. 2010 ) and each gives rise to distinct interneuron subtypes (Xu et al. 2004; Butt et al. 2005 ; Miyoshi et al. 2007 Miyoshi et al. , 2010 . Moreover, these populations arise in 2 distinct neurogenic waves, with the MGE-derived interneurons starting at around E9.5 and peaking at approximately E13.5 (Miyoshi et al. 2007) , and the CGE counterparts initiating and peaking 3 days later (Miyoshi et al. 2010 ) (see Fig. 1 ).
Within the cortex, the pyramidal cell layers are formed in an ''inside-out'' manner, with later born cells migrating past earlier born populations to occupy more superficial laminae (Angevine and Sidman 1961; Rakic 1974) . Previous work including our own (Miller 1985; Fairen et al. 1986; Valcanis and Tan 2003; Miyoshi et al. 2007 ) has shown that interneurons derived from the MGE follow an inside-out pattern of layer integration within the cortex by approximately matching the birthdates of pyramidal cells. In contrast, cortical interneurons derived from the CGE consistently contribute~75% of their population to the superficial layers and~25% to the deep layers, regardless of their birthdates (Miyoshi et al. 2010 ) (see Fig. 1 ). Thus, for CGE-derived interneurons, the laminar positioning within the cortex is not strictly dictated by birthdate. This raises a possibility that the inside-out layering of MGE-derived interneuron populations may just be correlative. Regardless, MGE-and CGE-derived interneurons clearly use different strategies to select their appropriate cortical laminae. To better understand how MGE-versus CGE-derived interneurons differentially migrate into specific cortical layers, we utilized inducible in vivo genetic fate mapping methods to birthdate and permanently label interneuron cohorts at embryonic stages and then we assessed their migratory routes at later developmental stages.
Here, we report that MGE-and CGE-derived interneurons born at E12.5 are complementary in their final laminar distribution within the cortex, with each cohort occupying primarily deep and superficial layers, respectively. Surprisingly, however, these populations initiate tangential migration into the cortex simultaneously, take similar migratory routes, and show a similar layer distribution at P1. Only after this stage does each population sort itself out into the appropriate cortical layers. Furthermore, the critical time window for this postnatal sorting was found to occur several days earlier in the MGEderived population than the age-matched CGE cohort. This radial sorting period coincides well with the increase in potassium/chloride cotransporter KCC2 expression within each interneuron cohort. Moreover, radial sorting of later born (E16.5) CGE-derived cohorts is found to take a similar time course as the E12.5 CGE-derived cohorts, suggesting that the final laminar location of interneurons is determined during the postnatal period in which they are sorted. We conclude that the selective sorting of interneurons within the early postnatal cortex is a crucial step for the assembly of mature neuronal networks. Moreover, the timing of their segregation into the appropriate cortical laminae is predicted by their region of origin and hence interneuron subtype rather than by their birthdate.
Materials and Methods
In Vivo Fate Mapping For our inducible genetic fate mapping strategy, we have employed either the Olig2-CreER driver and the Z/EG reporter (for MGE-derived populations) (Miyoshi et al. 2007) or the Mash1BAC-CreER driver and the RCE:loxP reporter (Jackson Laboratories stock number 10701) (for CGE-derived populations) (Sousa et al. 2009; Miyoshi et al. 2010) . Compound males carrying appropriate combinations of these alleles were crossed to Swiss Webster females. To induce CreER activity, we orally administered 4 mg of tamoxifen (Sigma) to pregnant females bearing E12.5 or E16.5 embryos between noon and 2 PM.
Histology and Cell Count
To be consistent with our former studies, we have analyzed the somatosensory barrel field to compare fate-mapped cells in the mature cortex. For embryonic and early postnatal analyses of MGE-and CGEderived populations, we compared coronal sections from similar rostral--caudal levels. We analyzed the layering from E12.5 MGE and CGE fate-mapped populations during a number of postnatal stages: P1 (n = 3), P3 (n = 3), P5 (n = 2), P7 (n = 2), and P21 (n = 3) (Miyoshi et al. 2007 (Miyoshi et al. , 2010 . Layering of E16.5 CGE-derived interneurons were also analyzed at P1, P3, P5, P7 (n = 2), and P21 (n = 3).
Immunohistochemistry on 12-lm cryosections was performed as described previously (Miyoshi et al. 2007 ). Briefly, mice were anesthetized, and transcardiac perfusions were carried out with 4% formaldehyde/phosphate-buffered saline (PBS) solution. Brains were dissected and postfixed in the same fixative for 1 h on ice. Following a brief rinse in PBS, brains were kept in 25% sucrose/PBS (w/v) solution at 4°C until equilibrated. Cryosections were rinsed in PBS, and, following 30 min of blocking, the primary antibody reaction was carried out overnight at 4°C. All the reactions were done in the presence of 1.5% donkey or goat serum and 0.1% Triton-X containing PBS solutions. To visualize the enhanced green fluorescent protein (EGFP) expression, a 3,3#-Diaminobenzidine-coupled immunohistochemistry was carried out following the X-gal staining of forebrain sections (Butt et al. 2005; Miyoshi et al. 2007 ).
Antibodies were used at the following concentrations: mouse antiNkx2-1 (TTF-1) (1:200; PROGEN), mouse anti-Mash1 (1:1000; BD Pharmingen), rabbit anti-RORß (1:1000; Diagenode), rabbit anti-GFP (1:2000; Molecular Probes), rat anti-GFP (1:2000; Nacalai Tesque), goat anti-GFP (1:2000; Rockland), rabbit anti-Cleaved caspase 3 (1:1000; Cell Signaling Technology), and rabbit anti-KCC2 (1:2000; Upstate). Secondary antibodies conjugated with Alexa Fluor dyes 488, 594, or 680 (Molecular Probes) (1:2000 dilutions) or AMCA (Jackson Immunoresearch) (1:500 dilution) raised from the same host used for blocking serum were chosen for visualizing the signals. Fluorescent images were captured using a cooled-CCD camera (Princeton Scientific Instruments) using Metamorph software (Universal Imaging).
Results
Age-Matched MGE-and CGE-Derived Interneurons Born at E12.5 Show Complementary Layer Distributions within the Mature Cortex In our previous studies, we took advantage of an inducible genetic fate mapping strategy (Zinyk et al. 1998; Branda and Dymecki 2004; Miyoshi and Fishell 2006) to characterize temporally distinct cohorts of cortical interneuron subtypes derived from the MGE (Olig2-CreER; Z/EG, Miyoshi et al. 2007 ) and the CGE (Mash1BAC-CreER; RCE:loxP, Miyoshi et al. 2010) . The MGE and CGE not only give rise to distinct subtypes of cortical interneurons but they also differentially contribute to cortical layers. MGE-derived interneurons, similar to pyramidal cells, are generated in an inside-out manner (Miyoshi et al. 2007) (Fig. 1, top) . In contrast, regardless of when they are generated, CGE-derived interneurons preferentially target the superficial layers of the cortex (Fig. 1, bottom) (Miyoshi et al. 2010) . Here, we find that the age-matched interneuron populations born at E12.5 from the MGE and CGE show a complementary bias in their layering within the mature cortex. While E12.5 MGE-derived interneurons contribute mainly to the deep cortical layers, age-matched CGE-derived populations preferentially reside in the superficial cortex (Fig. 1, red bracket) . How then do these 2 populations born at the same time come to be differentially localized within the cortex?
Tangential Migratory Pathways of E12.5 MGE-and CGE-Derived Interneurons Are Indistinguishable In principle, the distinct layering patterns of E12.5 age-matched MGE-versus CGE-derived cortical interneurons could be achieved through a number of different mechanisms. Most simply, CGE-derived interneurons may be delayed in reaching the cortex compared with the MGE-derived population, thereby being relegated to the later developing superficial layers. If this idea is correct, one would expect to see that the CGE-derived population is delayed in its migration from the ventral telencephalon to the cortex. However, age-matched E12.5 MGE-and CGE-derived interneurons are both first observed to migrate tangentially through the cortical intermediate zone within 2 days of their birth ( Fig. 2A ). This indicates that there is no difference in the initiation of tangential migration within E12.5 MGE-versus CGE-derived interneuron populations.
Previous analyses have demonstrated that the marginal and the intermediate/subventricular zones are the 2 prominent routes taken by tangentially migrating interneurons as they enter the cortex (Marin and Rubenstein 2003; Kriegstein and Noctor 2004; Nakajima 2007; Stanco et al. 2009 ). We were able to visualize MGE-versus CGE-derived interneuron migratory streams at E14.5 ( (MGE-derived, in blue) with those that solely expressed EGFP under the regulation of GAD1 promoter (Tamamaki et al. 2003) (CGE-derived, in brown). We found that both MGE-and CGEderived interneurons can tangentially migrate above and below the cortical plate (Fig. 2B) . Following this observation, we hypothesized that distinct interneuron lineages may facilitate their entry into specific cortical layers by utilizing the tangential migration pathway closer to their target layers. If this were the case, one would predict that E12.5 MGE-derived interneurons would preferentially migrate below the cortical plate, while CGE-derived cortical interneurons would migrate above it. However, at E16.5, we found that irrespective of whether they originated in the E12. Yokota et al. 2007 ). Based on BrdU birthdating studies, interneurons born on E12.5 are known to complete their invasion into the cortical plate by P0 (Hevner et al. 2004) . Consistent with this observation, both E12.5 MGE-and CGEderived interneurons fate mapped by our inducible genetic strategies had migrated into the cortical plate by P1 (Fig. 3A ,B, and D). Next, we analyzed the layer distribution of these populations at different postnatal stages and compared it with their final distribution at P21. To precisely distinguish the immature cortical layers, we combined the layer-specific pyramidal neuron marker RORß (layers IV and V) (Nakagawa and O'Leary 2003) with nuclear 4#,6-diamidino-2-phenylindole (DAPI) staining (Fig. 3A,B) . Surprisingly, at P1, the layer distribution of the 2 populations did not appear to differ significantly (Fig. 3D , left and middle panels). Indeed, at this stage, the ratio of cells in either population within superficial (I--III, blue colors) or deep (IV--VI, red colors) layers was almost identical (Fig. 3D) . Hence, up until P1, we were not able to observe any obvious differences between the migratory behaviors of E12.5 MGE-and CGE-derived interneurons. By P3, the number of MGE-derived interneurons in layer I was dramatically reduced, and the percentage of this population located in deep layers (V and VI) increased proportionately (Fig. 3D ). This suggests that the MGE-derived interneurons translocated from layer I to the deeper layers during the intervening 2 days. This change in layer distribution from superficial to deep continued until P5 (Fig. 3D) , at which The layer distribution of E12.5 MGE-and E12.5 or E16.5 CGE-derived cortical interneurons at P1, P3, P5, P7, and their final locations at P21. At P1, the superficial to deep layer ratio of interneurons derived from the E12.5 MGE and CGE are quite similar (compare blue and red color bar graphs). However, by P3, we observe a decrease in the numbers of layer I and an increase in the numbers of layer V interneurons in the E12.5 MGE-derived population, suggesting a superficial to deep layer migration of this population (dotted arrow). This superficial to deep migration continues till around P5, at which time these neurons have almost completed integrating into their target layers. By contrast, in the E12.5 CGE-derived interneuron population, the number of fate-mapped cells decreased in layers I and VI and increased in layers II/III. This suggests a net cell migration of CGE-derived cells toward layer II/III from both deeper and more superficial layers (dotted arrows). This migration seems to finalize at around P7, which is few days later than the ones derived from the age-matched MGE. Interestingly, although they are born 4 days later, E16.5 CGE-derived interneurons at P1 occupy the cortical layers in a similar proportion to the 2 lineages originated from E12.5. After this period, E16.5 CGE-derived interneurons are sorted into target layers in a very similar manner to the ones from earlier at E12.5. WM, white matter; IZ, intermediate zone. Scale bars 50 lm.
point this population appears to have achieved its mature distribution (Fig. 3D , left panel, compare P5 with the final distribution at P21). Analysis of the age-matched CGE-derived population over this same time period showed a different pattern of layer redistribution (Fig. 3B,D) with primarily a marked increase in the percentage in layers II/III (Fig. 3D , middle panel). This suggests a net cell migration of CGEderived interneurons toward layer II/III from deeper and more superficial layers (Fig. 3D, middle panel, dotted arrows) . This trend continued, resulting in around 75% of this population being found in the superficial layers by P7 (Fig. 3D) . Notably, it appears that despite sharing an identical birthdate, this radial sorting occurs several days later in CGE-derived populations than the ones derived from the MGE (Fig. 3D) .
We have previously reported that CGE-derived interneurons preferentially target superficial layers irrespective of their birthdate (Miyoshi et al. 2010) (Fig. 1) . This prompted us to investigate the layer distribution of E16.5 CGE-derived interneurons during the early postnatal period (Fig. 3C) . At P1, the superficial versus deep layer distribution of the E16.5 CGEderived population was found to be similar to the MGE-and CGE-derived populations fate mapped from the E12.5 time point (Fig. 3D , compare blue vs. red of P1 bar graphs). This suggests that the later born CGE-derived population also initially occupies all cortical layers at P1. Interestingly, E16.5 CGE-derived interneurons showed a similar change in their layer distribution to the E12.5 CGE-derived cohorts after P1, suggesting that they segregate to their cortical layers in a manner indistinguishable from those born from this same structure at the earlier time point (compare Fig. 3D right with the middle panel, dotted arrows). This supports the idea that the sorting of distinct interneuron lineages is differentially controlled within the cortical plate.
We considered the possibility that selective cell death might contribute to the observed changes in cell distributions within the cortex; however, analysis for cleaved caspase3 expression did not reveal any cell death in either fate-mapped population during this period (P1 MGE: 0/111, P1 CGE: 0/95, P3 MGE: 0/90, P3 CGE: 0/112) (Supplementary Figures) . This data is consistent with previous work examining cell death in interneuron populations during postnatal stages (Hevner et al. 2004 ). This suggests that the selective layer distribution of MGE-versus CGE-derived cortical interneurons that occurs after P1 is not due to selective cell death but is the result of their directed sorting subsequent to entering the cortical plate (see the model, Fig. 5 ).
KCC2 Expression Is Upregulated within the Interneurons during the Critical Period of Radial Sorting
We have found that the radial sorting of age-matched interneurons derived from the E12.5 MGE occurs several days earlier than the CGE-derived counterpart (Fig. 3D ). This selective sorting in the cortical plate may be mediated by the differential maturation timing between these age-matched cohorts. Previous work has suggested that interneuron maturation is accompanied by the expression of the potassium/chloride cotransporter KCC2 (Ben-Ari et al. 1989; Rivera et al. 1999; Bortone and Polleux 2009 ), which switches GABA from an excitatory to an inhibitory neurotransmitter (Ben-Ari et al. 1989; Owens and Kriegstein 2002) . Since E12.5 MGEderived interneurons reach their final positions earlier than CGE ones (Fig. 3D) , we hypothesized that they also mature earlier and would hence initiate expression of KCC2 earlier.
We therefore analyzed KCC2 expression in our E12.5 MGE-and CGE-derived populations (Fig. 4A) (Fig. 4B) . Although representing only a subset of each of these populations, this 
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Re-distribution 2. 1. Figure 5 . Postnatal radial sorting of E12.5 MGE-and CGE-derived interneurons upon entering the cortical plate. A summary diagram illustrating that the layer-specific integration of E12.5-derived cortical interneurons only occurs after entering the cortical plate. During embryogenesis, interneurons tangentially migrate through the MZ (marginal zone), IZ (intermediate zone), and SVZ (subventricular zone). E12.5-generated interneurons switch their mode of migration from tangential to radial as they invade the cortical plate. At P1, both MGE-and CGE-derived interneurons are relatively uniformly distributed across all cortical layers. After P1, E12.5 MGE-and CGE-derived interneurons become preferentially distributed into deep and superficial cortical layers, respectively. This sorting step takes place at P1 onward until interneurons reach their final locations.
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result is consistent with the notion that MGE-derived interneurons stop radial migration 2 days earlier than their CGEderived counterparts.
Discussion
In this study, we have examined how MGE-and CGE-derived interneuron populations attain their characteristic layering within the cortex. We found that this is achieved by differential sorting of these populations within the cortical plate during the early postnatal period. Although the notion that a temporal matching exists between the pyramidal neurons and the cortical interneurons works as a general principle (Miller 1985; Fairen et al. 1986 ), a large percentage of CGE-derived interneurons (approximately 30%) are produced well in advance of the cortical layers they are destined to occupy (Miyoshi et al. 2010) . Here, we have directly examined agematched interneuron populations derived from E12.5 and found that despite sharing a common birthdate, migration route and timing of entry into the cortical plate, MGE-and CGE-derived interneurons possess intrinsically different propensities for the cortical layer they target. Moreover, the MGEderived population attains its mature distribution 2 days before the one derived from the CGE by radially sorting at an earlier time window. We suggest that this radial cell sorting is a method employed by early versus late born CGE-derived interneurons in order to compensate for their difference in birthdates and to target similar cortical layers. In addition, we have found that there is a temporal correlation between the increase in KCC2 expression and the radial sorting period of the interneuron populations. Taken together, we conclude that distinct interneuron subtypes are intrinsically programmed to respond to the cortical environment in order to integrate into the target layers (see the model, Fig. 5 ).
Diverse Cortical Interneuron Subtypes Show Stereotypic Patterns of Tangential Migration and Integration into the Cortical Plate
Until recently, cortical interneurons were thought to arise almost exclusively from the MGE. As such, the embryonic origin of different interneuron subtypes was not considered to be a factor in determining their developmental behavior. The realization that cortical interneurons arise from at least 2 distinct embryonic territories raises 2 specific questions as to how the positioning of each interneuron subtype within precise cortical layers is achieved. First, do different cortical interneuron subtypes derived from distinct origins integrate into the cortex by taking differential migratory routes? Second, to what extent does temporal matching explain the positioning of specific interneuron subtypes to particular cortical laminae? Our recent finding that approximately 30% of all cortical interneurons do not follow an inside-out layering pattern (Miyoshi et al. 2010) bears on both of these issues. A definitive answer to the first question must await the means to track individual interneuron subtypes from their origins. However, our present analysis, coupled with the knowledge that MGE-and CGE-derived interneurons are completely complementary in terms of the subtypes they give rise to (Miyoshi et al. 2010) , demonstrates that different subtypes are not obliged to follow distinct migratory paths. Still, it is possible that particular interneuron subtypes may have favored routes of migration both into and within the cortex. In contrast, the present study allowed us to address the second question by focusing on 2 populations, one that is MGE-derived and born coincident with the pyramidal cell layers they will ultimately reside in and a CGE-derived population that is not (Fig. 1) . The earliest cohort of interneurons from both the MGE and CGE seem to first reach the intermediate/subventricular zones rather than the marginal zone ( Fig. 2A and data not shown) (Miyoshi et al. 2007 (Miyoshi et al. , 2010 . Since the MGE is medially located in the ventral telencephalon, interneurons derived from this structure need to avoid the striatum in order to reach the cortex (Marin and Rubenstein 2003) . They take either of 2 pathways, one migrating close to the ventricular/ subventricular zones of the lateral ganglionic eminence and CGE dorsally located to the striatum or the other ventrolaterally avoiding the striatum. By taking the former route, which is relatively shorter than the latter, MGE-derived interneurons seem to reach the intermediate/subventricular zones in the cortex earlier than they reach the marginal zone. Interneurons derived from the CGE are always first found tangentially migrating at the caudal levels of the telencephalon (Miyoshi et al. 2010 ). Although they presumably have no need to avoid the striatum and are located closer to the cortex compared with the MGE, they also first appear in the intermediate/ subventricular zones in the cortex and only later at the marginal zone. In fact, although at different rostral--caudal levels of the cortical regions, the distance interneurons have traveled into the cortex from the MGE and CGE is comparable at 2 days after birth ( Fig. 2A) .
The Layering of MGE-and CGE-Derived Cortical Interneurons Is Intrinsically Programmed
During the postnatal stages, migration of GABAergic cells has been found in multiple forebrain regions (Marin and Rubenstein 2003) . A large population can be found in the rostral migratory stream, which is a pathway originating from the subventricular zone progenitor niche and migrating toward the anteriorly located olfactory bulb (Merkle et al. 2007 ). In the molecular layer of rat hippocampus, a more subtle migration of GABAergic interneurons has also been demonstrated (Dupuy-Davies and Houser 1999; Morozov and Freund 2003; Morozov et al. 2006) . While it is apparent that cortical interneurons continue to migrate during early postnatal stages, their behavior has not been revealed until this study due to the lack of the means to distinguish individual lineages at this period. Addressing this issue is further complicated by the fact that subtype-specific molecular markers (e.g., Parvalbumin, Vasoactive intestinal polypeptide, Reelin and Neuropeptide Y) are only expressed in interneuron lineages beginning at around 1 week after birth.
MGE-derived interneurons come to populate cortical layers in an inside-out manner by temporally matching the production of pyramidal neurons (Miyoshi et al. 2007 ). In contrast, CGE-derived interneurons mostly target superficial layers irrespective of their birthdates (Miyoshi et al. 2010) . Hence, it is apparent that the mechanisms involved in the layer acquisition of MGE-and CGE-derived interneurons are quite distinct. This may be a reflection of differences in the presumptive somal locations of these 2 populations. As both pyramidal cells and MGE-derived interneurons are restricted to layers II--VI and excluded from layer I, temporal matching likely provides a parsimonious means for these populations to establish cortical circuitry. In contrast, approximately 20% of the CGE-derived population contributes to layer I, with the majority of the remainder being relegated to layers II/III that are born last.
CGE-derived cortical interneurons accommodate to the late generation of their target pyramidal layers by delayed neurogenesis. However, this strategy can only partially explain how they target the superficial layers appropriately, as a third of this population is born significantly prior to the generation of the superficial layers of the cortex. As such, this study provides evidence that the layering of interneurons is intrinsically determined rather than simply a product of interneurons selecting a cortical layer based on it being appropriately mature. The age-matched interneuron populations derived from the E12.5 MGE and CGE are indistinguishable in their layer distribution at P1 when they have completed their entrance into the cortical plate. Although they are similarly uniformly distributed into all cortical layers at this stage, these 2 populations soon start to differentially respond to their surrounding cortical environment. MGE-derived interneurons migrate toward deep layers immediately after P1. However, the CGE-derived populations redistribute into the target layers more gradually and only achieve their adult location within layers II/III at around P7. This clearly demonstrates that the critical time windows for postnatal sorting are distinct for agematched E12.5 MGE-and CGE-derived interneuron populations. One possible explanation for this differential behavior is that E12.5 MGE-derived interneurons mature more quickly than age-matched cohorts derived from the CGE. This would be consistent with our finding that at P1 and P3 a significantly higher proportion of MGE-derived interneurons express KCC2 compared with cohorts derived from the CGE (Fig. 4B) . Only after P3, does the CGE-derived population show an increase in the numbers of cells expressing KCC2. Although the timing of KCC2 upregulation within interneuron subtypes correlates well with the critical time window for them undergoing radial sorting, it is still unclear whether this change in KCC2 expression is functionally important for the differential positioning of MGE-versus CGE-derived interneurons. For the MGE-derived interneurons, the upregulation of KCC2 expression has been suggested to be involved in the arrest of tangential migration (Bortone and Polleux 2009 ). It will be interesting in the future to more directly compare the role of KCC2 in MGE-and CGE-derived interneurons during the postnatal period when radial sorting occurs. In addition, it will be informative to directly test the maturity of MGE-and CGEderived interneuron populations at early postnatal stages by analyzing their intrinsic firing properties with electrophysiological methods.
Since the CGE-derived cortical interneurons have not been systematically studied until recently, it came as a surprise to find that they preferentially target superficial layers irrespective of their birthdates (Miyoshi et al. 2010) . By comparing the layering of E12.5 versus E16.5 CGE-derived populations through the early postnatal stages, we conclude that this is achieved by the later born population entering the cortical plate much more quickly than the ones born at earlier time points. Four days after birth, approximately 85% of the E12.5-derived population is located outside the cortical plate (Fig. 2C) . By contrast, the majority of E16.5 CGE-derived interneurons are able to enter the cortical plate 4 days later at P1 and hence attain a distribution indistinguishable from the much earlier born E12.5 CGE-derived population (Fig. 3D) . This indicates that irrespective of their birthdate, CGE-derived interneurons synchronously enter the cortical plate at P1. We conclude that the delayed competence of E12.5 CGE-derived interneurons to undergo the radial sorting is the method used to adjust for the difference in the early versus late born CGEderived cohorts and to ensure that they target similar cortical layers.
In vivo transplantation studies further support the idea that the layer targeting of interneurons is intrinsically determined. When donor MGE-or CGE-derived cells are heterotopically transplanted back into the host CGE or MGE, respectively, interneurons choose their target layers in accordance with their donor origin (Nery et al. 2002; Butt et al. 2005) . However, homotopic, heterochronic in vivo transplantations carried out on MGE-derived cells (Pla et al. 2006) revealed that these cells can recalibrate their selection of cortical laminae, if sufficiently mature. When E15.5 MGE-derived cells were transplanted into an E12.5 host MGE, they changed their laminar preference in favor of the host environment. This result is consistent with the temporal matching hypothesis, as in this circumstance the donor E15.5 MGE-derived cells were precociously mature and thus able to populate deeper layers of cortex than they would normally occupy.
Here, we have provided evidence that distinct interneuron subtypes behave differently within the early postnatal cortex in order to reach their final laminar destinations. This argues that distinct interneuron subtypes are intrinsically programmed to undergo differential radial migration. Elucidating the genetic programs underlying this dynamic process will not only allow us to further understand the developmental process of GABAergic interneurons but also is a key for elucidating the underlying etiology of multiple neurodevelopmental disorders, whose cause is presently unrevealed.
